OBJECTIVES: Altered small-bowel motility, lengthening of the orocecal transit time, and small-intestinal bacterial overgrowth have been described in patients with liver cirrhosis. These changes might be related to the progressive course and poor prognosis of the disease. We investigated the effect of a long-term treatment with cisapride and an antibiotic regimen on small-intestinal motor activity, orocecal transit time, bacterial overgrowth, and some parameters of liver function.
INTRODUCTION
Altered small-bowel motility in patients with liver cirrhosis was described by Chesta et al. (1) and confirmed by other studies (2) . Abnormalities were observed during the fasting period and were characterized by alterations in the migrating motor complex (MMC), ranging from increased duration of phase II of the MMC to the complete disappearance of the cyclic activity. An increase in the prevalence of clustered contractions was also described. Additional studies showed that the appearance and intensity of these motor abnormalities were related to the severity of liver dysfunction (2) and that alterations of motility observed in patients with liver cirrhosis were completely reversed by liver transplantation (3) .
A prolonged orocecal transit time (OCTT) has also been observed in patients with liver cirrhosis (4, 5) . When gastric emptying was simultaneously analyzed, the pylorus-caecum component of OCTT played the main role (4) . Nevertheless, the relationship between altered small-intestinal motility and delayed small-intestinal transit time in these patients has not been investigated.
Small-intestinal bacterial overgrowth (SIBO) has also been described in patients with liver cirrhosis (6, 7) . The appearance and the frequency of this finding was related to the severity of the liver disease. Also, an increased incidence of spontaneous bacterial peritonitis was observed in patients with SIBO (8) .
Therefore, the available data suggests that when liver function is progressively impaired, an increased intensity of altered motility and SIBO is observed.
At present, the relationship between small-intestinal motor disorders and SIBO is not completely established. It is possible that liver disease and associated autonomic disorders leading to altered small-intestinal motility may result in SIBO. Absence or gross disorders of the MMC were associated with SIBO also in patients without liver disease, and motor abnormalities remained unchanged after treatment with antibiotics (9) . Altered small-intestinal motility was not reversed in patients with liver cirrhosis after a short treatment with tetracycline (1). On the other hand, SIBO might be present in cirrhosis or a consequence of hypochlorhydria or immunological defects, and therefore the possibility that bacterial overgrowth might induce changes of motility cannot be completely excluded.
In a preliminary study, we demonstrated that intravenous cisapride was followed by the appearance of a phase III of the MMC in cirrhotics in which cyclic activity was absent (10) . Therefore, the aims of the present study were as follows: 1) to investigate the effect of oral cisapride administered over a long period of time on the cyclic motor activity of patients with liver cirrhosis and, to also analyze the effect of this prokinetic drug on SIBO, OCTT, and the severity of liver disease; 2) to analyze the effect of a longterm antibiotic treatment on the same parameters.
MATERIALS AND METHODS

Patients
The study involved 34 patients with liver cirrhosis (15 men and 19 women; mean age, 57.6 yr; range, 32-69 yr). The etiology of cirrhosis was of alcoholic origin in 18 subjects, related to hepatitis C virus in nine, and from other etiologies in the remaining subjects. The diagnosis in each case was confirmed by appropriate investigations, including laboratory investigations, liver biopsy, and endoscopy. According to the Child-Pugh classification, six patients were in class A, 20 were in class B, and eight were in class C.
Patients excluded were those with diabetes mellitus, cardiovascular disorders, altered EKG, marked serum electrolyte disturbances, spontaneous bacterial peritonitis, previous abdominal surgery and renal failure, or those who had been treated with lactulose, antibiotics, or prokinetic drugs during the past 30 days. All patients signed an informed consent. This study was approved by the ethical committee of the University Hospital of the University of Chile.
Motility Studies
Duodenal motor activity was studied by means of a multilumen-perfused catheter assembly, which incorporated four polyvinyl tubes (internal diameter, 0.9 mm) glued together with tetrahydrofuran and with side holes spaced 3 cm from each other. They were continuously infused with bubblefree distilled water with a pneumohydraulic capillary infusion system (Arndorfer Medical Specialities, Greendale, WI) at a rate of 0.4 mL/min. The manometric catheters were attached to external TP-400t pressure transducers and connected to a Nihon Kohden polygraph (Nihon Kohden, Tokyo, Japan).
The output of the amplifiers was in turn connected to an analog-digital converter in a personal computer, and signals were analyzed by a computer program developed in our laboratory.
After an overnight fast, the catheter assembly was passed by mouth to the stomach and was advanced under fluoroscopic control until the tip of the assembly had reached the angle of Treitz, the recording sites being located in the third and fourth part of the duodenum. Studies were performed in the fasting state only.
Analysis of Data
MOTOR ACTIVITY. The different phases of the MMC and clustered contractions were identified by direct visual inspection of the chart-recording paper using the following criteria: phase I was characterized by the complete absence of contractions; phase II consisted of irregular phasic contractions; these culminated in a burst of rhythmic phasic contractions at a frequency of 12 cpm (phase III). To define MMC activity, the presence of at least one phase III preceded by phase II and followed by phase I was required. Clustered contractions were defined as a sequence of three to 10 rhythmic contractions preceded and followed by a quiescent period of 1 to 5 min duration. According to previous studies in the fasting period (11), more than six clusters per hour occurring at all four sites was considered abnormal.
The frequency and amplitude of contractions were calculated by means of the automatic system. H 2 BREATH TEST. OCTT and SIBO were estimated by means of the H 2 breath test. Hydrogen concentration expressed as parts per million (ppm) in end expiratory air was measured by means of an automatic analyzer (Lactoscreen Hoek, Loos Schiedom, Holland). Patients were instructed to eat a low-carbohydrate food at 8 PM the day before the test. Hydrogen breath test was performed at 8 AM, preceded by a mouthwash with 0.1% hexetidine. Two or three basal H 2 measurements were performed, and then subjects received 12 g of lactulose (Duphalac, Solvay Pharmaceutical B.V., Holland) dissolved in 300 mL of distilled water, after which measurements of H 2 concentration were performed every 10 min over a period of 180 min. The sum of the following criteria was included to establish that a patient presented with SIBO: basal values Ͼ20 ppm and H 2 concentrations Ն100 ppm in the first 60 min. OCTT was considered from lactulose ingestion until the first sustained increase of H 2 was identified. In the presence of SIBO, the OCTT was estimated as a second peak in H 2 concentration values, 60 min after lactulose ingestion. Patients had a physical examination and blood pressure, blood count, bilirubin, transaminases, albumin, prothrombin time, urine culture, and creatinine determinations every month. At entry and 3 and 6 months after the beginning of the study, small-intestinal manometry and the H 2 breath test with lactulose were performed to investigate SIBO and OCTT. At entry and at 6 months after the beginning of the study, ultrasound was performed to investigate ascites and liver tumors. 
Procedures
Statistics
RESULTS
Thirty-four patients completed the 6-month period of study. Of those, 12 patients received antibiotics, the same number received cisapride, and 10 received placebo. In this last group, two patients had to be withdrawn because they required antibiotics, one for bacterial peritonitis and the other for urinary tract infection. The characteristics of the three groups are shown in Table 1 . Differences in age, etiology, and severity of liver disease observed were not statistically significant. A higher number of women were observed in the placebo group.
Motility Study
Variation in the different motor parameters analyzed is shown on Table 2 . In baseline studies, nonstatistically significant differences in the number of phases III, frequency, and amplitude of contractions, as well as the appearance of clustered contractions were observed among the three groups. Both groups of patients receiving either antibiotics or cisapride showed a significant improvement in small-intestinal motor activity compared with baseline. Improvement in fasting cyclic activity, defined as the appearance of a phase III when previously absent or as an increase of the number of phases III, if previously present, was observed after 3 months of treatment in six patients given antibiotics, six patients given cisapride, and three patients given placebo. These differences were not statistically significant. However, after 6 months, the improvement of cyclic activity of the MMC was observed in 10 patients given antibiotics, eight given cisapride, and four given placebo; at this time, these differences were statistically significant when comparing both experimental groups with the placebo one. As shown in Table 2 , variations of the number of phases III observed after 3 months of treatment were not statistically significant; nevertheless, after 6 months, a statistically significant increase in the number of phases III was observed, from 10 in basal to 30 in patients receiving antibiotics and from 13 in baseline to 26 in patients given cisapride. By contrast, the variation in the number of phases III from 15 to 13 was not statistically significant in patients given placebo. Cyclic activity deteriorated after 6 months in four patients given placebo. Worsening was not observed with antibiotics and cisapride.
No statistically significant variation in the frequency of small-intestinal contractions was observed in the three groups of patients. Amplitude of contractions showed a significant increase in cirrhotics treated with cisapride compared with placebo only after 6 months of treatment. In the antibiotic and placebo groups, there was not a significant variation in the amplitude of contractions. Table 3 shows mean OCTT. No statistically significant differences in OCTT were observed between the three groups at the basal measurements. No statistically significant variations of OCTT were observed after 3 months. After 6 months, a statistically significant decrease of the OCTT was observed in patients treated both with cisapride or antibiotic. In contrast, OCTT remained unchanged in patients after placebo.
Orocecal Transit Time
Small-Intestinal Bacterial Overgrowth
Variations in SIBO in the three groups of treatment are observed in Table 3 . No significant differences in the incidence of SIBO were observed among the three groups at basal measurements. The H 2 breath test performed after 3 months of treatment showed a nonstatistically significant difference in the number of patients presenting SIBO when comparing cisapride, antibiotic, and placebo with each other. After 6 months of treatment with antibiotics in 10 patients, SIBO was not present, and no additional patient developed SIBO during treatment. A similar finding was observed with cisapride. By contrast, in the placebo-assigned group, three patients had persistent SIBO, and three additional patients developed SIBO. To establish which of the different parameters analyzed in the present study were related to the resolution of SIBO, we pooled together all patients without SIBO at the end of the 6-month period and compared this group with those patients with persistent SIBO or with those who developed SIBO during the same period of observation, independent of the therapeutic regimen. Absence of SIBO was significantly related to an increased number of phases III of the MMC and to shortening of OCTT. Table 4 shows variations in different parameters of liver function and Child-Pugh status. No significant differences were observed among the three groups in basal estimations. A statistically significant decrease of mean values at 3 and 6 months were observed after a long-term treatment with antibiotics: after 3 and 6 months of treatment, 10 and 11 patients, respectively, showed an improvement in ChildPugh score, and in one patient, the score remained unchanged. A similar finding was observed with cisapride administration, in which an improvement of liver function was seen in eight and 11 patients after 3 and 6 months, respectively. Improvement of Child-Pugh score was mainly related to a statistically significant decrease of the incidence of ascites and encephalopathy compared with basal and placebo levels (Table 4 ). In the placebo group, mean score variations were not significant, and an improvement of score was observed only in five patients.
Liver Function
DISCUSSION
The present study shows that a 6-month treatment with both cisapride or antibiotics in patients with liver cirrhosis was followed by 1) an improvement of cyclic activity of the MMC, 2) a significant resolution of SIBO, 3) a significant shortening of OCTT, and 4) an improvement in some parameters of liver function. Cisapride also had additional benefits, such as an increase in the amplitude of smallintestinal contractions.
Our finding on the effect of cisapride on altered smallintestinal motility of patients with cirrhosis is interesting. Despite the fact that motor abnormalities are more frequently seen and are more severe in patients with advanced liver disease, these changes are still reversible with pharmacological treatment. This finding is in accordance with our previous observation of restoration of normal motility after liver transplantation (3) and of altered motility being unrelated to structural changes in the myenteric plexuses (12) .
A similar finding on SIBO and OCTT after a short treatment of cisapride in patients with liver cirrhosis and cirrhotic rats was recently reported (13) . Six-month treatment with cisapride was followed by a significant resolution of SIBO that was related to the reappearance or improvement of the cyclic activity of the MMC. This is an expected finding because most of the available experimental evidence, including radiation enteritis (9 -14) suggests that disturbances of fasting cyclic activity may be followed by SIBO.
The effect of antibiotic treatment is surprising, because neither norfloxacin nor neomycin had effect on GI tract Table 3 . Effect of Antibiotic, Cisapride and Placebo on SIBO and OCTT
